An injection of a small dose (1 to 50,g) of synthetic polyriboinosinic acid complexed with polyribocytidylic acid (poly I:poly C) inhibited the induction of tryptophan oxygenase by cortisone acetate; it induced tyrosine amino transferase, and it accelerated the loss of liver glycogen reserves. It also resulted in first a suppression followed by an activation of the reticuloendothelial system as judged by the rates of carbon clearance from blood. All of these responses are elicited by comparable doses of endotoxin. Pretreatment of mice with poly I:poly C did not, or only marginally, increased their nonspecific resistance to infection with several bacterial pathogens, and it failed to result in the development of tolerance to endotoxin, effects known to be produced by endotoxin when given under similar conditions.
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The administration of the synthetic polyribonucleotide complex polyriboinosinic-polyribocytidylic acid (poly I: poly C) to experimental animals results in a number of biological effects similar to those elicited by bacterial endotoxin. These include the release of interferon (7, 8, 11) ; the induction of tolerance (1) ; an increase in nonspecific resistance to infection with protozoal (10, 13, 20, 22) , bacterial, and fungal infections (19, 21, 23) ; and potent adjuvant action (14) .
Both substances are reported to be pyrogenic for the rabbit (12, 17) and both are abortifacient (2) . The similarities of biological response to these substances are so striking that one must assume, on a priori grounds, a common mode of action. The present report extends the comparison between the biological properties of endotoxin and poly I:poly C to include metabolic effects and attempts to confirm some of the earlier reports. Although administration of the two substances results in some similar reactions, there are also some differences in host response that will be described. I Enzyme assays. Tryptophan oxygenase and tyrosine amino transferase (TAT) were assayed in whole mouse liver homogenates as described previously (6) .
Liver glycogen assay. Liver glycogen was measured by the method of Kemp Mice. Except for the experiments on nonspecific resistance noted above, all other work was done with CF-i female mice. They were purchased weekly from Carworth Farms, New City, N.Y., and were used when they weighed 22 i 2 g. They were held in the animal room for at least 1 week after they were received. They were housed 10 per cage with white pine shavings as bedding. Commercial pellets and water were available at all times.
RESULTS
Effect of poly I:poly C on cortisone induction of tryptophan oxygenase. The LD50 of poly I: poly C was not determined in these studies, since it has been estimated by others to be approximately 500 ,gg for mice (1) . This is similar to the LD50 of the S. marcescens endotoxin used in these experiments, about 400 jg. Since endotoxin at no more than 0.01 LD50 is known to reduce significantly the full hormonal induction of tryptophan limited number of mice used in each group. No more mice were included as a matter of economy. On the basis of these observations, poly I: poly C was fully as effective as endotoxin in augmenting the activity of TAT.
Effect of poly I:poly C on liver glycogen content. Endotoxin in small amounts accelerates the loss of liver glycogen in fasted mice (6) . A similar effect of poly I:poly C was seen in the results summarized in Table 3 . A 10-Ag amount of the polymer, but not 1 jug, resulted within 4 hr in a significant decrease, whereas injection of larger amounts, 50 and 100 jug, was accompanied by even greater losses of glycogen. These findings were similar to those obtained when similar amounts of endotoxin were injected (6) .
Failure of poly I:poly C to induce tolerance to endotoxin. Three injections on alternate days of 50 jg each of poly I: poly C, followed after 48 hr by challenge with 2 X LD5o of S. marcescens endotoxin, failed to increase significantly the percentage survival of mice compared to that of control animals given similar prechallenge injections of saline alone (Table 4 ). All injections were administered via the ip route. Had endotoxin been used instead of the polymer, survival of at least 90% of the mice would have been expected (4) . This finding is in contrast to that reported by Absher and Stinebring (1), but in their experiments a single intravenous injection of polymer was followed after 48 hr by an injection of endotoxin via the same route. The number of animals they used was small and their results were marginal.
Effect of pretreatment with poly I:poly C on the hormonal induction of tryptophan oxygenase. The data of Table 5 shows that, when mice were given three injections of poly I :poly C on alternate days, Table 1 ). Had the mice been given a series of injections of endotoxin instead of polymer, a larger induction of enzyme would have been expected (4) . Preinjection of the poly I:poly C did not appreciably alter the activity of the enzyme from that seen in livers of normal control animals.
Effect of poly I:poly C on bacterial infections.
Pretreatment of mice with a single ip dose of poly I:poly C ranging from 0.1 to 10 jug failed to exert more than a marginal protective effect against challenge with E. coli or S. aureus and no effect with V. cholerae. In all experiments, groups of 10 to 15 mice were employed, and all tests were repeated at least once. Per cent survival of treated mice was about 40 to 50% with S. aureus, 30 to 40% with E. coli, and 20 to 30% with V.
cholerae. Survival of control mice was from 0 to 20% in all groups. This finding differs from the Effect of poly I:poly C on intravascular carbon clearance. Pretreatment of mice with poly I:poly C was found to significantly alter the intravascular clearance of carbon particles. Both stimulation and depression of reticuloendothelial function were observed, depending upon the level and time of administration of the polynucleotide (Table 6) . A marked decrease in rate of uptake of intravascular carbon was observed when poly I:poly C was administered 4 hr before the test. At 100 ug per mouse, this blockade was observed 24 hr later. Levels of 50 jug per mouse administered 24 to 48 hr before the carbon clearance test resulted in stimulation of reticuloendothelial function. Notice that a value in Table 6 larger than 100 means that the time to clear 50% of the carbon is greater than that in control mice and hence the clearance mechanism is impaired.
DISCUSSION
The observation that endotoxin and the synthetic polyribonucleotide poly I: poly C have similar effects suggests, but does not prove, similar modes of action. Their biological manifestations are in a number of ways indistinguishable. The induction of tolerance and an increase in nonspecific resistance to infection seem to be exceptions. Therefore, it seems unlikely that the effect of the polymer is attributable to contaminating endotoxin, since it probably would not have failed to induce tolerance and to increase nonspecific resistance to infection had endotoxin been the active material in the polymer. Moreover, Johnson and Hoekstra (14) failed to observe an adjuvant effect when twice the dose of singlestranded polyribonucleotide was administered with the antigen in place of the double-stranded poly I:poly C. The responses described in this report must be assumed, therefore, to have been due to the effect of poly I:poly C itself and not to contaminating endotoxin.
It is possible that certain responses to endotoxin and poly I:poly C, such as the release of endogenous pyrogen or interferon, are mediated through one mechanism, whereas other biological effects are the result of a different type of host response. The latter would be exemplified by tolerance which is associated with a passively transferable humoral component that confers tolerance on normal recipient animals (9) . A humoral factor has also been implicated in the increased nonspecific resistance to infection (16, 23) elicited by endotoxin. Other investigators have suggested that an endotoxin-detoxifying enzyme(s) is induced or released and serves as the basis for tolerance to endotoxin (24) . If antibody or detoxifying enzymes, or both, appear after an injection of endotoxin but not after poly I:poly C, then this would account for the differential effect of the two substances. On the other hand, if both materials release endogenous pyrogen, interferon, and other preformed biogenically active substances, then this would explain their similar effects.
The finding that poly I:poly C can stimulate or depress reticuloendothelial function is in agreement with the work of Regelson and Munson (19) . Similarly, endotoxin has been reported to alter reticuloendothelial system function (3). The protective action of poly I:poly C against Cryptococcus neoformans infection of mice has been attributed to the increased clearance of this pathogenic fungus by the lungs of the treated animals (19) . A similar protective role of endotoxin has been observed by Kobayashi et al. (16) .
The failure of poly I:poly C to increase significantly nonspecific resistance to bacterial infection has also been reported for a hemoflagellate parasite (18) . In fact, Herman 
